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Abstract The objective of this study is to assess ambient temperatures' and extreme heat events'
contribution to work‐related emergency department (ED) visits for hyperthermia in the southeastern
United States to inform prevention. Through a collaborative network and established data framework,
work‐related ED hyperthermia visits in five participating southeastern U.S. states were analyzed using a
time stratified case‐crossover design. For exposure metrics, day‐ and location‐specific measures of ambient
temperatures and county‐specific identification of extreme heat events were used. From 2010 to 2012, 5,017
work‐related hyperthermia ED visits were seen; 2,298 (~46%) of these visits occurred on days when the
daily maximum heat index was at temperatures the Occupational Safety and Health Administration
designates as having “lower” or “moderate” heat risk. A 14% increase in risk of ED visit was seen for a 1°F
increase in average daily mean temperature, modeled as linear predictor across all temperatures. A 54%
increase in risk was seen for work‐related hyperthermia ED visits during extreme heat events (two or more
consecutive days of unusually high temperatures) when controlling for average daily mean temperature.
Despite ambient heat being a well‐known risk to workers' health, this study's findings indicate ambient heat
contributed to work‐related ED hyperthermia visits in these five states. Used alone, existing OSHA
heat‐risk levels for ambient temperatures did not appear to successfully communicate workers' risk for
hyperthermia in this study. Findings should inform future heat‐alert communications and policies, heat
prevention efforts, and heat‐illness prevention research for workers in the southeastern United States.

1. Introduction

Hyperthermia is a known occupational condition that can lead to heat exhaustion, heat stroke (AFHSC,
2012; Baldwin & Hales, 2010, 2012; Brearley, 2016; Semenza et al., 1999; Stafoggia et al., 2008), and death
(Arbury et al., 2014; Baldwin et al., 2014; Gubernot et al., 2015; Harduar Morano et al., 2016; Petitti
et al., 2013).

Previously identified risk factors for work‐related hyperthermia include high temperature and humidity in
the work setting, environmental (ambient) heat, physical exertion, heavy or protective clothing, exposure
to direct sunlight, limited air movement, fluid loss, excessive perspiration, and a lack of heat acclimatization,
work breaks, cooling areas, and adequate hydration (Jacklitsch et al., 2016; NIOSH, 1972, 1986a, 1986b).
Workplace‐specific heat sources (e.g., furnaces, ovens, and structure/wildland fires) have also been identi-
fied as risk factors (Jacklitsch et al., 2016; NIOSH, 1972, 1986a).

Although a number of studies on the health effects of ambient heat on workers have been carried out in
Australia (Brearley et al., 2013, 2015; Hanna et al., 2011; McInnes et al., 2018; Rameezdeen &
Elmualim, 2017; Varghese, Barnett, et al., 2019; Varghese, Barnett, et al., 2019; Xiang et al., 2015), few stu-
dies have occurred in the United States. The need for heat morbidity studies has been particularly noted
(Gubernot et al., 2015). Critical information is needed to successfully target prevention strategies for workers
and track the effectiveness of existing or future prevention efforts. This need is especially great in the
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subtropical climate of the southeastern United States. During a 5‐year period (2007–2011), there were over
8,000 emergency department (ED) visits for work‐related hyperthermia in nine southeastern states
(Harduar Morano et al., 2015). In a nationwide study of workers' mortality risk due to heat, five U.S. south-
eastern states (Arkansas, Florida, Mississippi, North Carolina, and South Carolina) were among the 10 U.S.
states with the highest rates for occupational heat‐related deaths (Gubernot et al., 2015). A study of farmwor-
kers conducted in Eastern North Carolina in 2013 found 72% of farmworkers experienced at least one
heat‐related illness symptom during a work week (Kearney et al., 2016). Climate model simulations predict
ambient heat and severe heat events will increase in southeastern United States in the coming decades
(Carter et al., 2018).

To begin to characterize and better understand the specific risk factors for exposure of workers to heat in the
southeastern United States, this study examines ED visits for work‐related hyperthermia in Florida, Georgia,
Kentucky, Louisiana, and Tennessee between 2010 and 2012. These were the most recent years available at
the study's onset. By linking these ED encounters to location‐ and day‐specific measures of ambient heat, we
were able to evaluate the association between different temperature values and work‐related hyperthermia
ED visits. These observations were also compared to current heat hazard guidelines as a frame of reference.
This information can inform future prevention strategies and improve estimations of the burden of
hyperthermia on the workforce in the southeastern United States.

2. Methods
2.1. Health Data and Case Definition

Based on a standard case definition of work‐related ED visits developed by the Southeastern Occupational
Network (SouthON) (Harduar Morano et al., 2015), work‐related ED data from 2010 to 2012 were obtained
from the health departments of the five southeastern U.S. states that were willing and able to participate in
this study: Florida, Georgia, Kentucky, Louisiana, and Tennessee. The data were a census of ED visits from
those states and were restricted to the months of May through September when temperatures are highest. To
identify work‐related ED visits (i.e., workers), either (1) workers' compensation had to be the expected payer
in the payment data field or (2) a work‐related external cause of injury code (Ecode) from ICD‐9‐CM (ICD‐9‐
CM, Version 30, 2012) had to appear in any diagnosis or Ecode data field. These work‐related Ecodes were
E000.0‐E000.1, E800‐E807 (fourth digit ¼ 0), E830‐E838 (fourth digit ¼ 2 or 6), E840‐E845 (fourth digit ¼ 2
or 8), E846, and E849.1‐E849.3. From these work‐related ED visits, hyperthermia‐related cases were selected
based on the presence of an ICD 9‐CM diagnosis or Ecode in any primary or secondary diagnosis data field:

Table 1
Work‐Related Ecodes, Diagnosis Codes for Hyperthermia, and Ecodes for Hyperthermia

ICD‐9‐CM Definition

E000.0 Civilian activity done for income or pay
E000.1 Military activity
E800‐E807 Railway accident among railway employee (fourth digit ¼ 0)
E830‐E838 Water transport accident among crew, dockers, and stevedores (fourth digit ¼ 2 or 6)
E840‐E845 Air and space transport accidents among crew and ground crew (fourth digit ¼ 2 or 8)
E846 Accidents involving powered vehicles used within the buildings/premises of industrial or commercial establishment
992.0 Heat stroke and sunstroke
992.1 Heat syncope
992.2 Heat cramps
992.3 Heat exhaustion
992.4 Heat exhaustion due to salt depletion
992.5 Heat exhaustion, unspecified
992.6 Heat fatigue, transient
992.7 Heat edema
992.8 Other specified heat effects
992.9 Unspecified effects of heat and light
E900.0 Accident caused by excessive heat due to weather conditions
E900.1 Accident due to excessive heat of man‐made origin
E900.9 Accident due to excessive heat of unspecified origin
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992.0–992.9, E900.0, E900.1, or E900.9 (Table 1). Data were restricted to individuals aged 16 years and older
to reflect the working‐age population. Hospital geographical location was coded to five‐digit Federal
Information Processing Standards (FIPS) code of the county where the hospital was located. Collected demo-
graphic data on the ED encounters included age (years), sex, race (black, white, or other), and Hispanic eth-
nicity. Case‐address data were used to assign resident status (in‐state vs. out‐of‐state).

2.2. Ambient Heat Exposure Data

Hourly meteorological predictions from the North American Land Data Assimilation System Phase 2
(NLDAS) model (Mitchell et al., 2004), available at 0.125° grid resolution, were used to create measures of
ambient heat exposures such as daily mean temperature and daily maximum heat index (HI). Hourly HI
values were computed using hourly temperature and humidity information at the grid level, using a defini-
tion used by National Oceanic and Atmospheric Administration/National Weather Service (NWS, 2014). A
multistage geo‐imputation approach (Fechter‐Leggett et al., 2016) was used to convert hourly grid‐level
meteorological data to daily, county‐level estimates of mean temperature, and HI. Because the exact time
of exposure within a given day was unknown for the ED encounters, we selected daily mean temperature
(“Tmean”) to characterize daily synoptic heat exposure. Prior studies have noted the cumulative effects of
heat exposure (Nag et al., 2013; Wichmann et al., 2013), so we created the primary exposure variable,
“Average Tmean,” by averaging Tmean observed on the day of ED visit and three preceding days (aka a
3‐day “lag period” or “exposure offset”). In addition, extreme heat events (EHEs) pose a potential risk during
summer months, and EHE definitions are available from literature. For this study an EHE was defined as a
period of ambient heat exposure where daily, county‐level maximum HI values were greater than the 95th
percentile county‐specific threshold for at least two consecutive days. Thus, each county had a single 95th
percentile threshold value for maximumHI. This definition has been previously identified as one of the most
appropriate definitions for EHEs in the southeastern United States (Vaidyanathan et al., 2016).
Furthermore, county‐specific thresholds were estimated using summertime (May through September) HI
data for a 30‐year period (1981–2010) to measure deviations and identify periods of extreme heat based on
recent climate data. The EHE indicator (a binary indicator) was set to “1” if the day of ED visit and/or three
preceding days were part of an EHE.

2.3. Statistical Analysis

Numerous recent studies have used the case‐crossover study design to examine the health effects associated
with heat exposure (Liu et al., 2018; Lubczynska et al., 2015; McInnes et al., 2017, 2018; Sheffield et al., 2018;
Sheng et al., 2018; Valent et al., 2016; Varghese, Barnett, et al., 2019; Varghese, Hansen, et al., 2019). This
case‐crossover study design uses only “cases” for the health outcome matched with “exposures” for the case
day and control day(s). For this study, a time‐stratified case‐crossover study design (Janes et al., 2005) was
used to model the relationship between heat exposure variables and encounter‐level work‐related
hyperthermia ED visits. In the time‐stratified case‐crossover design, each exposure value for an index date
(i.e., ED visit date) is compared to control days that are matched to the index date based on the same day
of the week within a time period. Specifically, each month was a priori divided into two periods, (i) Days
1–15 and (ii) Days 16 to end of month, and control day(s) were selected on the same day of the week as
the case within the same half of the month (Saha et al., 2015). This method has been shown to accurately
control for time‐invariant confounding variables documented for each case (e.g., worker's age, gender,
and occupation) and reduce bias from seasonal time trends in the exposure and time‐varying factors (e.g.,
day of the week) (Janes et al., 2005; Lumley & Levy, 2000). We implemented this study design using condi-
tional logistic regressions to calculate mean odds ratios (ORs) with 95% confidence intervals (CI) to evaluate
associations between measures of ambient heat exposure and work‐related hyperthermia visits. We calcu-
lated ORs for the average daily mean temperatures as a predictor for work‐related hyperthermia ED visits
by month and also assessed the ORs stratified by lag days out to 6 days prior to the day of the ED visit.
Both the Average Tmean and the EHE indicator were included as independent variables to calculate the
ORs in stratified analyses of the individual covariates (e.g., age and sex). We also calculated ORs for the
Average Tmean and the EHE indicator by state. All primary statistical analyses were performed with SAS
v9.4 (SAS Institute Inc., 2019).
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3. Results

During the 3‐year study period, there were 5,017 work‐related hyperther-
mia ED visits for the five southeastern states. Of the total visits, 90% of the
work‐related hyperthermia emergency visits were in‐state residents, and
87% were males (Table 2). The most frequently treated age groups treated
in the ED for hyperthermia were younger workers: 20–24 years (13%), 25–
29 years (14%), and 30–34 years (14%). Sixty‐nine percent of the ED visits
for work‐related hyperthermia were for the non‐Hispanic ethnicity
group; only 6% were Hispanic workers—although the ethnicity was una-
vailable in 25% of the ED visits for hyperthermia. Most of the hyperther-
mia ED visits were coded as white workers (72%); 22% were black.

Forty‐six percent of the hyperthermia ED visits occurred on days when
the daily maximumHIwas less than 103°F—which includes the tempera-
tures the Occupational Safety and Health Administration (OSHA) desig-
nates as having “lower” (HI < 91°F) or “moderate” heat risk (91°F <HI
<103°F) (OSHA, 2019; Figure 1). The number of hyperthermia ED visits
peaked when the daily HI value was 103°F. The median value for daily
HI temperatures was 104°F for all work‐related hyperthermia ED visits
in this study.

The unstratified logistic regression modeling results showed an approxi-
mately 14% increase in the risk of a work‐related hyperthermia ED visit
for a 1°F increase in average daily mean temperature (Average Tmean,
i.e., the combined average temperature for the day of ED visit and the
three preceding days) when controlling for days within an EHE
(Table 3). Average Tmean was also shown to be a significant predictor
of work‐related hyperthermia ED visits when stratified for age, sex, ethni-
city, race, and residency status.

For associations between Average Tmean and work‐related hyperthermia
ED visits when stratified by month, the mean work‐related hyperthermia

risk increased from May to June (Figure 2). ORs associated with temperature were highest on the day of the
ED encounter; however, ORs remained statistically significant for a lag period of up to 3 days (Figure 3).

An approximately 54% increase in risk was seen for work‐related hyperthermia ED visits during an EHE
when controlling for Average Tmean. EHE events were also significantly associated with work‐related
hyperthermia ED visits when stratified by age, sex, race, and residency and controlling for Average
Tmean. However, days within an EHE were not associated with ED visits for Hispanic workers when con-
trolling for Average Tmean; EHE events were associated with ED visits for work‐related hyperthermia for
non‐Hispanic workers. State‐specific ORs for Average Tmean were similar (Table 4). The ORs for EHEs
by state were significantly associated with work‐related hyperthermia ED visits for four states but not for
Florida.

4. Discussion

This study's findings indicate ambient heat contributed to work‐related ED hyperthermia visits in the five
southeastern states for the period of 2010 to 2012. A 1°F increase in average daily mean temperature was
associated with a 14% increase in risk of a work‐related hyperthermia ED visit. Additionally, there was a
54% increase in risk for a work‐related hyperthermia ED visit during an EHE. A large percentage of
work‐related hyperthermia ED visits seen in this study occurred on days when the HI was at temperatures
OSHA designates as having a “lower” or “moderate” risk.

Heat‐related illness in the workplace is a well‐recognized problem, and appropriate prevention measures
have been well documented (California, 2015; Jacklitsch et al., 2016; NIOSH, 1972, 1986a;
Washington, 2008). These measures primarily focus on recognizing risks, minimizing fluid and electrolyte
depletion, ensuring appropriate intake of fluids, and monitoring level of work activity that can be

Table 2
Demographic Characteristics of Work‐Related Hyperthermia Emergency
Department Visits in Five Southeastern States, 2010–2012

Characteristic Frequency Percentage

State Resident Status
Non‐state resident 487 10
Unknown 5 <1
State resident 4,525 90

Sex
Female 641 13
Male 4,376 87

Age
16–19 198 4
20–24 672 13
25–29 715 14
30–34 692 14
35–39 610 12
40–44 608 12
45–49 570 11
50–54 458 9
55–59 279 6
60–64 142 3
65+ 73 1

Ethnicity
Hispanic 295 6
Non‐Hispanic 3,471 69
Unavailable 1,251 25

Race
Black 1,081 22
White 3,574 71
Other 282 5
Unavailable 80 2

Total 5,017 100
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Figure 1. Comparison of OSHA heat risk levels and heat index of emergency department visits. (a) OSHA heat risk levels
by temperature range. (b) Work‐related hyperthermia emergency department visit frequencies by daily maximum
heat Index, five southeastern U.S. states, 2010–2012 (N ¼ 5,017).

Table 3
Odds Ratios of Average Daily Mean and Extreme Heat Indicator as Predictors for Work‐Related Hyperthermia Emergency Department Visits, Stratified
by Demographics

Stratification
level

Covariate
category

Model predictorsa

Average daily mean temperature (°F) EHE indicator

Odds ratio (95% CI) p value Odds ratio (95% CI) p value

No strata All 1.136 (1.115, 1.158) <0.0001 1.536 (1.384, 1.705) <0.0001
Age (16–34) 1.138 (1.108, 1.169) <0.0001 1.631 (1.396, 1.905) <0.0001

(≥35) 1.135 (1.106, 1.165) <0.0001 1.464 (1.272, 1.686) <0.0001
Gender Female 1.113 (1.061, 1.166) <0.0001 1.981 (1.468, 2.673) <0.0001

Male 1.140 (1.117, 1.164) <0.0001 1.481 (1.324, 1.655) <0.0001
Ethnicity Hispanic 1.136 (1.030, 1.252) 0.0109 1.152 (0.755, 1.757) 0.5127

Non‐Hispanic 1.141 (1.117, 1.166) <0.0001 1.494 (1.322, 1.688) <0.0001
Race Non‐White 1.154 (1.112, 1.197) <0.0001 1.495 (1.228, 1.821) 0.0001

White 1.130 (1.106, 1.155) <0.0001 1.551 (1.372, 1.755) <0.0001
Residency Nonresident 1.143 (1.076, 1.213) <0.0001 1.864 (1.333, 2.607) 0.0003

Resident 1.136 (1.113, 1.158) <0.0001 1.504 (1.348, 1.679) <0.0001

Note. Average daily mean temperature (°F) was modeled as a 1° change. The Average Tmean variable is calculated as an average of temperatures observed on the
day of ED visit and three preceding days for the county where the ED visit occurred. EHE indicator is a binary indicator and is set to “1” if the day of the ED visit
or three preceding days were part of an extreme heat event.
aAll estimates of odds ratios include both “Average Tmean” and “EHE Indicator” as independent variables in the logistic regression models.
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performed safely in work environments with elevated temperatures.
Despite established prevention measures, our study shows that workers
continued to be overexposed to heat. Our paper is the only analysis we
are aware of that assesses work‐related hyperthermia cases treated in
EDs against day‐ and location‐specific measures of ambient temperatures
and EHEs in the United States. The value of using spatially and tempo-
rally specific data was demonstrated in our finding of a significant OR
for a 3‐day lag time.

The results of our study are similar to what have been found in other stu-
dies: Studies of workers' compensation claims for heat‐illness in Australia
found a 12.7% increase in claims per 1°F increase in daily mean tempera-
ture (Varghese, Barnett, et al., 2019; Xiang et al., 2015). While some of our
findings reinforced what has been observed in previous research, an
important and unique finding from our analysis was the statistically sig-
nificant ORs observed for a lag period of up to 3 days. These results indi-
cate that work‐related hyperthermia ED visits were associated with
ambient heat from up to 3 days prior to the ED visit and suggest that a
recovery period may have been critical during periods of extreme heat
stress. Such recovery periods may be important, especially in occupations
employing workers whose access to air conditioning may be limited
(Kearney et al., 2016).

In this study we observed a decline in the number of work‐related hyperthermia ED visits as temperatures
rose above a maximum daily HI of 103°F (Figure 1). One possible explanation for this is employers and
workers may have recognized an obvious heat risk at these temperatures and higher and therefor implemen-
ted heat‐safety practices and policies.

Although EHEs were a significant predictor for race, sex, and age, Hispanic ethnicity was not associated with
EHEs within this study. This finding has several important caveats. Only 93 hyperthermia ED visits
appeared for Hispanics during an EHE within this study, and the CI for the estimated OR was relatively
large. Additionally, only 6% of the ED visits for hyperthermia in this study were Hispanic workers while
an estimated 12% of all workers (in full‐time equivalents) were Hispanic in these five states in
2011(BLS, 2011; NIOSH, 2019). Previous studies have shown that access to healthcare can be a barrier for

some Hispanic working populations (Frank et al., 2013). However, our
study is made up of only those individuals who obtained healthcare at
an ED and did not include those who either did not seek treatment or
sought treatment at a non‐ED facility. This means that this study is only
able to assess the relationship between heat exposure and ED visit for
those Hispanic workers who sought treatment at an ED. We had no addi-
tional information to determine whether that relationship was biased or
was unbiased. Ideally, these findings will be addressed in future studies
that will include more hyperthermia ED visits for Hispanics during
EHEs and include cases from other treatment centers such as urgent care
centers, migrant health clinics, and community health clinics.

The apparent changes in heat risk observed across months (Figure 2)
could reflect underlying awareness or prevention processes occurring.
Employers' and workers' awareness of the heat‐illness risk of ambient
temperatures could have increased as temperatures rose during the early
part of summers then leading to utilizing heat‐illness prevention mea-
sures. Workers may have become better acclimated to heat over the
course of the summers, and/or there could have been a kind of survivor
effect in which workers who were more prone to heat illness changed
jobs or work tasks having less exposure to heat. Perhaps, there was a non-
linearity in the risk of hyperthermia ED visits across the full spectrum of
ambient temperatures.

Figure 2. Odds ratios for average daily mean temperatures as a predictor for
work‐related hyperthermia emergency department visits, stratified by
month.

Figure 3. Odds ratios of daily mean temperatures as a predictor for
work‐related hyperthermia emergency department visits, stratified by lag
days. A lag period accounts for delayed or extended health effects associated
with an exposure. Odds ratios for lag days 1–3 were elevated (i.e., >1);
lag days 4–6 were not. Lag day 0 is the day of visit.
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This analysis was only possible through a unique network of state public health agencies and Centers for
Disease Control and Prevention (CDC) researchers that facilitated access to multistate, multiyear data and
leveraged advanced data analytic approaches. This collaborative network and established data framework have
the potential for further advancing the use of local data to better assess and inform worker health issues.
Importantly, this research was coordinated through a regional occupational health network of southeastern
states (Southeastern Occupational Network [SouthON]), and researchers at CDC's National Institute for
Occupational Safety and Health (NIOSH) and the National Center for Environmental Health. This network
integrates occupational safety and health capacity, practice, and research at state and regional levels by fostering
collaborations among state health department staff and external partners such as CDC, OSHA, and universities.

Our study combined two unique data sets: ED visits and weather data. The ED data included over 5,000
unique records of work‐related ED encounters from five states for a 3‐year period. It is important to note that
locational information at a geographic resolution below state level is often excluded from large, publicly
available data sets. For example, the National Center for Health Statistics National Inpatient
Hospitalization and National Emergency Department data sets are limited to analysis at the regional or
national level, which limits evaluating intrastate and interstate weather variations within regions for target-
ing outreach and prevention activities, including weather alerts. The daily, county‐level weather data used
for this analysis provide a firm basis to account for spatiotemporal variation across counties and days for heat
exposure. The ED visit data were only available to us at the county level, but to attempt to account for poten-
tial within county variations of temperatures, we used a population‐weighted average for a given day for all
grid cells within each county. Further, the thresholds used to define EHEs were location specific and were
derived using a long‐term time series of daily maximum HI values. Hence, increases in hyperthermia risks
during EHEs can be interpreted from a climatological perspective, which is an important consideration to
devise adaptation strategies for mitigating work‐related heat exposures under various climate change
scenarios.

In addition, using fine‐scale data to address workers' health issues can help create various heat intervention
strategies that are attuned to locally relevant health risks and help inform policies and applications necessary
to mitigate negative health outcomes for workers. For instance, OSHA and CDC have partnered to offer the
“OSHA‐NIOSH Heat Safety Tool”mobile app for iOS and Android devices (NIOSH, 2017). This mobile app
determines HI values—a measure for how hot it feels—based on the current location‐specific temperature
and humidity data from the U.S. National Weather Service. In the future, such collaborations can provide
a platform to evaluate the alignment between heat alert thresholds used by the National Weather Service
and OSHA and the observed health burden within various alert ranges.

4.1. Limitations

There are at least six limitations to this study. First, we used medical billing data that were not originally col-
lected for epidemiological analyses. Second, our case definition of work‐related ED encounters for
hyperthermia could be subject to systematic bias(es) in identifying work relatedness and/or “hyperthermia.”
Payment source is commonly used as a proxy to identify work‐related medical encounters, but that approach
undercounts workers because workers' compensation is underutilized and has been shown tomiss up to 47%

Table 4
Odds Ratios of Average Daily Mean and Extreme Heat Indicator as Predictors for Work‐Related Hyperthermia Emergency Department Visits, by State

No strata

All 5 states 1.136 (1.115, 1.158) <0.0001 1.536 (1.384, 1.705) <0.0001
Florida 1.143 (1.087, 1.201) <0.0001 1.135 (0.920, 1.401) 0.2363
Georgia 1.098 (1.047, 1.152) <0.0001 1.723 (1.372, 2.163) <0.0001
Kentucky 1.160 (1.114, 1.209) <0.0001 2.164 (1.567, 2.988) <0.0001
Louisiana 1.117 (1.071, 1.165) <0.0001 1.847 (1.449, 2.353) <0.0001
Tennessee 1.143 (1.103, 1.184) <0.0001 1.453 (1.172, 1.802) <0.0001

Average dailymean temperature (°F) wasmodeled as a 1‐degree change. The Average Tmean variable is calculated as an average of temperatures observed on the
day of ED visit and three preceding days for the county where the ED visit occurred. EHE indicator is a binary indicator and is set to “1” if the day of the ED visit
or three preceding days were part of an extreme heat event. All estimates of odds ratios include both “Average Tmean” and “EHE Indicator” as independent
variables in the logistic regression models.
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of work‐related injuries (Groenewold & Baron, 2013). We used Ecodes to help address this known issue.
Third, exposure misclassificationmay have occurred as a result of using the location of the ED facility to link
to the appropriate location information on ambient temperatures. Although ambient temperatures tend to
be highly autocorrelated spatially, there exists the possibility that the measure of “exposure” data used in
our analysis could differ from those temperatures, both ambient and indoors, experienced by the workers.
Fourth, we had no information on workers' occupations, work tasks, acclimatization to heat, or
new‐worker status—all of which are important risk factors for heat stress. Fifth, although the methods used
in this case‐crossover analysis have been widely used and accepted within the field of epidemiology, there
remains the possibility that some bias for the control days relative to the case days could be present in these
data. Finally, because the case‐crossover design uses only cases, valid inferences can be made about the rela-
tionship between the cases and the exposures—not about the prevalence of the cases or direct comparisons
between demographics of cases, and so forth. Because of this, we have not attempted to interpret any varia-
tions observed in the prevalence of cases across the various demographics. This is also why no demographics
were included as predictors in any of the conditional logistic regression models because case demographics
remain constant for each case event. Instead, we used stratified analyses to examine the ORs for ambient
temperatures and EHEs for different demographic strata.

Conflict of Interest

The authors declare no conflict of interest relevant to this study.

Data Availability Statement

The North American Land Data Assimilation System Phase 2 (NLDAS) model data can be obtained via
NASA's Goddard Earth Sciences Data and Information Services Center (https://disc.gsfc.nasa.gov/). The
emergency department data used in this study were obtained via state health departments' data use agree-
ments with the data steward for each state's emergency medical records and are not accessible to the public
or research community. The Health Insurance Portability and Accountability Act precludes distribution of
the health outcome data used in this analysis.

References
AFHSC (2012). Update: Heat injuries, active component, U.S. Armed Forces, 2011. (2152–8217). Armed Forces Health Surveillance Center.
Arbury, S., Jacklitsch, B., Farquah, O., Hodgson, M., Lamson, G., Martin, H., & Profitt, A. (2014). Heat illness and death among workers—

United States, 2012–2013. MMWR. Morbidity and Mortality Weekly Report, 63(31), 661–665.
Baldwin, T., & Hales, T. (2010). Fire fighter trainee suffers fatal exertional heat stroke during physical fitness training—Texas. In Field

Studies Fatality Assessment and Control Evaluation (pp. 1–21). National Institute for Occupational Safety and Health.
Baldwin, T., & Hales, T. (2012). Wildland fire fighter dies from hyperthermia and exertional heatstroke while conducting mop‐up opera-

tions—Texas. Field Studies Fatality Assessment and Control Evaluation (pp. 1–32). National Institute for Occupational Safety and Health.
Baldwin, T., Tarley, J., &Miles, S. (2014). Captain dies from hyperthermia and exertional heatstrokewhile performing advanced survival training

—Texas. In Field Studies Fatality Assessment and Control Evaluation (pp. 1–53). National Institute for Occupational Safety and Health.
BLS. (2011). Current Population Survey microdata files. Retrieved from: http://thedataweb.rm.census.gov/ftp/cps_ftp.html
Brearley, M. (2016). Cooling methods to prevent heat‐related illness in the workplace. Workplace Health Saf, 64(2), 80. https://doi.org/

10.1177/2165079915613353
Brearley, M., Harrington, P., Lee, D., & Taylor, R. (2015). Working in hot conditions—A study of electrical utility workers in the northern

territory of Australia. Journal of Occupational and Environmental Hygiene, 12(3), 156–162. https://doi.org/10.1080/
15459624.2014.957831

Brearley, M. B., Heaney, M. F., & Norton, I. N. (2013). Physiological responses of medical team members to a simulated emergency in
tropical field conditions. Prehospital and Disaster Medicine, 28(2), 139–144. https://doi.org/10.1017/s1049023x12001847

California (2015). California General Industry Safety Orders T8 CCR 3395 C.F.R., Heat Illness Prevention.
Carter, L., Terando, A., Dow, K., Hiers, K., Kunkel, K. E., Lascurain, A., et al. (2018). 2018: Southeast. In Impacts, risks, and adaptation in

the United States: Fourth National Climate Assessment, Volume II. https://doi.org/10.7930/NCA4.2018
Fechter‐Leggett, E. D., Vaidyanathan, A., & Choudhary, E. (2016). Heat stress illness emergency department visits in national environ-

mental public health tracking states, 2005–2010. Journal of Community Health, 41(1), 57–69. https://doi.org/10.1007/s10900-015-0064-7
Frank, A. L., Liebman, A. K., Ryder, B., Weir, M., & Arcury, T. A. (2013). Health care access and health care workforce for immigrant

workers in the agriculture, forestry, and fisheries sector in the southeastern US. American Journal of Industrial Medicine, 56(8), 960–974.
https://doi.org/10.1002/ajim.22183

Groenewold, M. R., & Baron, S. L. (2013). The proportion of work‐related emergency department visits not expected to be paid by workers'
compensation: Implications for occupational health surveillance, research, policy, and health equity.Health Services Research, 48(6pt1),
1939–1959. https://doi.org/10.1111/1475-6773.12066

Gubernot, D. M., Anderson, G. B., & Hunting, K. L. (2015). Characterizing occupational heat‐related mortality in the United States, 2000–
2010: An analysis using the Census of Fatal Occupational Injuries database. American Journal of Industrial Medicine, 58(2), 203–211.
https://doi.org/10.1002/ajim.22381

10.1029/2019GH000241GeoHealth

SHIRE ET AL. 8 of 10

Acknowledgments
The authors would like to acknowledge
the state health department colleagues
from Florida, Georgia, Kentucky,
Louisiana, and Tennessee, who con-
tributed work‐related hyperthermia
data to the current study.

https://disc.gsfc.nasa.gov/
http://thedataweb.rm.census.gov/ftp/cps_ftp.html
https://doi.org/10.1177/2165079915613353
https://doi.org/10.1177/2165079915613353
https://doi.org/10.1080/15459624.2014.957831
https://doi.org/10.1080/15459624.2014.957831
https://doi.org/10.1017/s1049023x12001847
https://doi.org/10.7930/NCA4.2018
https://doi.org/10.1007/s10900-015-0064-7
https://doi.org/10.1002/ajim.22183
https://doi.org/10.1111/1475-6773.12066
https://doi.org/10.1002/ajim.22381


Hanna, E. G., Kjellstrom, T., Bennett, C., & Dear, K. (2011). Climate change and rising heat: Population health implications for working
people in Australia. Asia‐Pacific Journal of Public Health, 23(2 Suppl), 14s–26s. https://doi.org/10.1177/1010539510391457

Harduar Morano, L., Bunn, T. L., Lackovic, M., Lavender, A., Dang, G. T., Chalmers, J. J., et al. (2015). Occupational heat‐related illness
emergency department visits and inpatient hospitalizations in the southeast region, 2007‐2011. American Journal of Industrial Medicine,
58(10), 1114–1125. https://doi.org/10.1002/ajim.22504

Harduar Morano, L., Watkins, S., & Kintziger, K. (2016). A comprehensive evaluation of the burden of heat‐related illness and death within
the Florida population. International Journal of Environmental Research and Public Health, 13(6), 551. https://doi.org/10.3390/
ijerph13060551

ICD‐9‐CM Diagnosis and Procedure Codes: Abbreviated and Full Code Titles, Version 30 (2012). Retrieved from https://www.cms.gov/
Medicare/Coding/ICD9ProviderDiagnosticCodes/codes

Jacklitsch, B., Williams, W. J., Musolin, K., Coca, A., Kim, J.‐H., & Turner, N. (2016). NIOSH criteria for a recommended standard:
Occupational exposure to heat and hot environments (2016–106). Cincinnati, OH: DHHS (NIOSH). Retrieved from https://www.cdc.gov/
niosh/docs/2016-106/pdfs/2016-106.pdf

Janes, H., Sheppard, L., & Lumley, T. (2005). Case‐crossover analyses of air pollution exposure data: referent selection strategies and their
implications for bias. Epidemiology, 16(6), 717–726.

Kearney, G. D., Hu, H., Xu, X., Hall, M. B., & Balanay, J. A. (2016). Estimating the prevalence of heat‐related symptoms and Sun
safety‐related behavior among Latino farmworkers in eastern North Carolina. Journal of Agromedicine, 21(1), 15–23. https://doi.org/
10.1080/1059924x.2015.1106377

Liu, X., Liu, H., Fan, H., Liu, Y., & Ding, G. (2018). Influence of heat waves on daily hospital visits for mental illness in Jinan, China—A
case‐crossover study. International Journal of Environmental Research and Public Health, 16(1), 87. https://doi.org/10.3390/ijerph16010087

Lubczynska, M. J., Christophi, C. A., & Lelieveld, J. (2015). Heat‐related cardiovascular mortality risk in Cyprus: A case‐crossover study
using a distributed lag non‐linear model. Environmental Health, 14, 39. https://doi.org/10.1186/s12940-015-0025-8

Lumley, T., & Levy, D. (2000). Bias in the case‐crossover design: Implications for studies of air pollution. Environmetrics, 11(6), 689–704.
https://doi.org/10.1002/1099-12)1/12)11:6<689::AID-ENV439>3.0.CO;2-N

McInnes, J. A., Akram, M., MacFarlane, E. M., Keegel, T., Sim, M. R., & Smith, P. (2017). Association between high ambient temperature
and acute work‐related injury: A case‐crossover analysis using workers' compensation claims data. Scandinavian Journal of Work,
Environment & Health, 43(1), 86–94. https://doi.org/10.5271/sjweh.3602

McInnes, J. A., MacFarlane, E. M., Sim, M. R., & Smith, P. (2018). The impact of sustained hot weather on risk of acute work‐related injury
in Melbourne, Australia. International Journal of Biometeorology, 62(2), 153–163. https://doi.org/10.1007/s00484-017-1435-9

Mitchell, K. E., Lohmann, D., Houser, P. R., Wood, E. F., Schaake, J. C., Robock, A., et al. (2004). The multi‐institution North American
Land Data Assimilation System (NLDAS): Utilizing multiple GCIP products and partners in a continental distributed hydrological
modeling system. Journal of Geophysical Research, 109, D07S90. https://doi.org/10.1029/2003JD003823

Nag, P. K., Dutta, P., Nag, A., & Kjellstrom, T. (2013). Extreme heat events: Perceived thermal response of indoor and outdoor workers.
International Journal of Current Research and Review, 5(17), 65.

NIOSH. (1972). Criteria for a recommended standard: Occupational exposure to hot environments. (Publication No. HSM 72‐10269).
Cincinnati, OH.

NIOSH. (1986a). Criteria for a recommended standard: Occupational exposure to hot environments: Revised criteria 1986. (Publication No.
86–113). Cincinnati, OH.

NIOSH. (1986b). Working in hot environments, revised 1986. (Publication No. 86‐112). Cincinnati, OH.
NIOSH. (2017). OSHA‐NIOSH Heat Safety Tool App. Retrieved from https://www.cdc.gov/niosh/topics/heatstress/heatapp.html?s_

cid¼3ni7d2XHST-Heat-App-05.2017 on 10/24/2018
NIOSH (2019). Employed labor force query system. Current population survey. Retrieved from: https://wwwn.cdc.gov/wisards/cps/
NWS. (2014). The heat index equation. Retrieved from https://www.wpc.ncep.noaa.gov/html/heatindex_equation.shtml on 02/20/2019
OSHA. (2019). Using the heat index to protect workers. Retrieved from https://www.osha.gov/SLTC/heatillness/heat_index/using_heat_

protect_workers.html on 08/06/2019
Petitti, D. B., Harlan, S. L., Chowell‐Puente, G., & Ruddell, D. (2013). Occupation and environmental heat‐associated deaths in Maricopa

County, Arizona: A case‐control study. PLoS ONE, 8(5). https://doi.org/10.1371/journal.pone.0062596
Rameezdeen, R., & Elmualim, A. (2017). The impact of heat waves on occurrence and severity of construction accidents. International

Journal of Environmental Research and Public Health, 14(1), 70. https://doi.org/10.3390/ijerph14010070
Saha, S., Brock, J. W., Vaidyanathan, A., Easterling, D. R., & Luber, G. (2015). Spatial variation in hyperthermia emergency department

visits among those with employer‐based insurance in the United States—A case‐crossover analysis. Environmental Health, 14, 20.
https://doi.org/10.1186/s12940-015-0005-z

SAS Institute Inc. (2019). The data analysis for this paper was generated using SAS software, Version 9.4 of the SAS System for Windows.
Copyright © 2019 SAS Institute Inc. SAS and all other SAS Institute Inc. product or service names are registered trademarks or trade-
marks of SAS Institute Inc., Cary, NC, USA.

Semenza, J. C., McCullough, J. E., Flanders, W. D., McGeehin, M. A., & Lumpkin, J. R. (1999). Excess hospital admissions during the July
1995 heat wave in Chicago. American Journal of Preventive Medicine, 16(4), 269–277. https://doi.org/10.1016/S0749-3797(99)00025-2

Sheffield, P. E., Herrera, M. T., Kinnee, E. J., & Clougherty, J. E. (2018). Not so little differences: Variation in hot weather risk to young
children in New York City. Public Health, 161, 119–126. https://doi.org/10.1016/j.puhe.2018.06.004

Sheng, R., Li, C., Wang, Q., Yang, L., Bao, J., Wang, K., et al. (2018). Does hot weather affect work‐related injury? A case‐crossover study in
Guangzhou, China. International Journal of Hygiene and Environmental Health, 221(3), 423–428. https://doi.org/10.1016/j.
ijheh.2018.01.005

Stafoggia, M., Forastiere, F., Agostini, D., Caranci, N., de'Donato, F., Demaria, M., et al. (2008). Factors affecting in‐hospital heat‐related
mortality: A multi‐city case‐crossover analysis. Journal of Epidemiology and Community Health, 62(3), 209–215. https://doi.org/10.1136/
jech.2007.060715

Vaidyanathan, A., Kegler, S. R., Saha, S. S., & Mulholland, J. A. (2016). A statistical framework to evaluate extreme weather definitions
from a health perspective: A demonstration based on extreme heat events. Bulletin of the American Meteorological Society, 97(10),
1817–1830. https://doi.org/10.1175/bams-d-15-00181.1

Valent, F., Mariuz, M., Liva, G., Bellomo, F., De Corti, D., Degan, S., et al. (2016). A case‐crossover study of sleep, fatigue, and other
transient exposures at workplace and the risk of non‐fatal occupational injuries among the employees of an Italian academic hospital.
International Journal of Occupational Medicine and Environmental Health, 29(6), 1001–1009. https://doi.org/10.13075/
ijomeh.1896.00695

10.1029/2019GH000241GeoHealth

SHIRE ET AL. 9 of 10

https://doi.org/10.1177/1010539510391457
https://doi.org/10.1002/ajim.22504
https://doi.org/10.3390/ijerph13060551
https://doi.org/10.3390/ijerph13060551
https://www.cms.gov/Medicare/Coding/ICD9ProviderDiagnosticCodes/codes
https://www.cms.gov/Medicare/Coding/ICD9ProviderDiagnosticCodes/codes
https://www.cdc.gov/niosh/docs/2016-106/pdfs/2016-106.pdf
https://www.cdc.gov/niosh/docs/2016-106/pdfs/2016-106.pdf
https://doi.org/10.1080/1059924x.2015.1106377
https://doi.org/10.1080/1059924x.2015.1106377
https://doi.org/10.3390/ijerph16010087
https://doi.org/10.1186/s12940-015-0025-8
https://doi.org/10.1002/1099-12)1/12)11:6%3C689::AID-ENV439%3E3.0.CO;2-N
https://doi.org/10.5271/sjweh.3602
https://doi.org/10.1007/s00484-017-1435-9
https://doi.org/10.1029/2003JD003823
https://www.cdc.gov/niosh/topics/heatstress/heatapp.html?s_cid=3ni7d2XHST-Heat-App-05.2017
https://www.cdc.gov/niosh/topics/heatstress/heatapp.html?s_cid=3ni7d2XHST-Heat-App-05.2017
https://www.cdc.gov/niosh/topics/heatstress/heatapp.html?s_cid=3ni7d2XHST-Heat-App-05.2017
https://wwwn.cdc.gov/wisards/cps/
https://www.wpc.ncep.noaa.gov/html/heatindex_equation.shtml
https://www.osha.gov/SLTC/heatillness/heat_index/using_heat_protect_workers.html
https://www.osha.gov/SLTC/heatillness/heat_index/using_heat_protect_workers.html
https://doi.org/10.1371/journal.pone.0062596
https://doi.org/10.3390/ijerph14010070
https://doi.org/10.1186/s12940-015-0005-z
https://doi.org/10.1016/S0749-3797(99)00025-2
https://doi.org/10.1016/j.puhe.2018.06.004
https://doi.org/10.1016/j.ijheh.2018.01.005
https://doi.org/10.1016/j.ijheh.2018.01.005
https://doi.org/10.1136/jech.2007.060715
https://doi.org/10.1136/jech.2007.060715
https://doi.org/10.1175/bams-d-15-00181.1
https://doi.org/10.13075/ijomeh.1896.00695
https://doi.org/10.13075/ijomeh.1896.00695


Varghese, B. M., Barnett, A. G., Hansen, A. L., Bi, P., Hanson‐Easey, S., Heyworth, J. S., et al. (2019). The effects of ambient temperatures on
the risk of work‐related injuries and illnesses: Evidence from Adelaide, Australia 2003‐2013. Environmental Research, 170, 101–109.
https://doi.org/10.1016/j.envres.2018.12.024

Varghese, B. M., Hansen, A., Nitschke, M., Nairn, J., Hanson‐Easey, S., Bi, P., & Pisaniello, D. (2019). Heatwave and work‐related injuries
and illnesses in Adelaide, Australia: A case‐crossover analysis using the Excess Heat Factor (EHF) as a universal heatwave index.
International Archives of Occupational and Environmental Health, 92(2), 263–272. https://doi.org/10.1007/s00420-018-1376-6

Washington (2008). Washington Outdoor Heat Exposure Rule, WAC 296–62‐095 C.F.R.
Wichmann, J., Rosengren, A., Sjöberg, K., Barregard, L., & Sallsten, G. (2013). Association between ambient temperature and acute

myocardial infarction hospitalisations in Gothenburg, Sweden: 1985‐2010. PLoS ONE, 8(4), e62059. https://doi.org/10.1371/journal.
pone.0062059

Xiang, J., Hansen, A., Pisaniello, D., & Bi, P. (2015). Extreme heat and occupational heat illnesses in South Australia, 2001–2010.
Occupational and Environmental Medicine, 72(8), 580–586. https://doi.org/10.1136/oemed-2014-102706

10.1029/2019GH000241GeoHealth

SHIRE ET AL. 10 of 10

https://doi.org/10.1016/j.envres.2018.12.024
https://doi.org/10.1007/s00420-018-1376-6
https://doi.org/10.1371/journal.pone.0062059
https://doi.org/10.1371/journal.pone.0062059
https://doi.org/10.1136/oemed-2014-102706


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2001
  ]
  /PDFX1aCheck true
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (Euroscale Coated v2)
  /PDFXOutputConditionIdentifier (FOGRA1)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <>
    /CHT <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /JPN <>
    /KOR <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG (Modified PDFX1a settings for Blackwell publications)
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


